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SYSTEM AND METHOD FOR BALANCING CAPACITIVELY COUPLED SIGNAL 

LINES 

TECHNICAL FIELD 

The present invention is related to system-in-package devices, and more 
5 particularly, to a system and method for providing capacitively coupled signaling in a 
system-in-package device. 

BACKGROUND OF THE INVENTION 

Traditional semiconductor integrated circuit technology is used to 
integrate various electronic circuits onto a common semiconductor substrate to form a 

10 system, or subsystem. However, the traditional approach to integrating circuits into a 
system has process, manufacturing and design limitations which make integrating some 
electronic circuitry onto a common semiconductor substrate impractical. A new 
integration technology, namely, system-in-package (SiP) technology, attempts to 
overcome the limitations of the traditional approach by interconnecting multiple 

15 discrete semiconductor systems on a common substrate and encapsulating the complete 
system in a common package. Generally, SiP enables the integration of a mix of 
technologies into one package that would otherwise be difficult and expensive using the 
traditional approach. For example, SiP technology has been successfully applied in 
mixed signal appUcations, such as RF/wireless applications and sensor applications, as 

20 well as in networking and computing applications, and other high speed digital 
applications. 

As previously mentioned, the multiple discrete systems of an SiP are 
electrically coupled together to form a system and, as is well known in the art of digital 
electronics, many of the multiple systems communicate with one another by 
25 transmitting digital information in the form of electrical signals. Typically, even analog 
based systems included in the SiP have the analog signals converted into the digital 
domain. The electrical signals transmitted between the multiple systems represent a 
serial data stream where the data is represented as binary symbols having discrete levels 
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of amplitude or phase, as well known. Multiple electrical signals are transmitted in 
parallel to transmit data of a data width, with each signal representing one bit of the 
width of data. Conventional signaling technologies between the multiple discrete 
systems in a SiP are generally based on standard off-die type signaling. However, it has 
5 been recognized that electrostatic discharge (ESD) requirements and load requirements 
can be relaxed since the signals are not being driven externally to the package of the 
SiP. In response, capacitively coupled signaling techniques have been employed 
between the multiple discrete systems of the SiP. Capacitively coupled signaling 
techniques provides various advmtages over standard off-die signaling, such as, 
10 elimination of conventional circuits providing ESD protection, allowing devices having 
different voltage domains to be operated without level shifting, and low power 
consumption. 

In a system using capacitively coupled signaling, the issue of DC 
balancing needs to be addressed. The requirement for DC balance in AC coupled 

15 signaling is necessary due to the nature of the bit patterns present in serial data streams. 
More specifically, long strings of ones or zeros can cause data recovery problems at the 
receiver due to the relatively constant voltage applied when strings of ones and zeros are 
transmitted charging and discharging the capacitive coupling between systems. As a 
result, the AC signal, which represents the transmitted data, can drift as the DC voltage 

20 level across the capacitive coupling changes. Additionally, the problem of DC 
balancing is exacerbated when the signaling is between devices operating in two 
different voltage domains, which may be the case in a SiP device. That is, the common- 
mode input at the receiver can vary enormously if the signal is not DC balanced, 
resulting in large common-mode variations at high bit-rates. As a result, data-recovery 

25 at the receiver is both difficult and complex. 

One approach to the issue of DC balance has been to use Manchester 
encoding methods. Generally, in Manchester encoding binary digits are represented by 
a signal transition, and not the signal level, occurring within a bit boundary. That is, a 
"1" bit is typically represented by a rising edge of a signal (i.e.y 0-to-l transition) 

30 occurring during the bit period, and a "0" bit is represented by a falling edge of the 
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signal (i.e., a 1-to-O transition) occurring during the bit period. The encoding of bits in 
this manner may be altematively viewed as a phase encoding where each bit is encoded 
by a positive 90 degree phase transition, or a negative 90 degree phase transition. 
Consequently, Manchester encoding is sometimes referred to as bi-ph£ise encoding. 
5 Although Manchester encoding maintains DC balance, since any long strings of I's or 
O's results in a signal that oscillates between the high and low voltage values, it requires 
a bandwidth that is twice that of the bit-rate. That is, if the bit-rate is 400 Mbps, 
Manchester encoding requires a bandwidth of at least 800 Mbps. Thus, Manchester 
encoding sacrifices bandwidth by limiting bit-rates to no greater than one-half of the 

1 0 maximum available bandwidth. 

Another conventional approach to the issue of DC balance is to use a 
"bit-stuffing" method. Generally, bit-stuffing involves "stuffing" extra transition bits 
into a bit-stream if a preset number of transitionless bits has been transmitted. The 
receiver follows the same protocol and removes the stuffed bit after the specified 

15 number of transitionless bits are received. For example, if the preset number is eight, 
and eight consecutive bits of a 1 or 0 are transmitted, the next bit, that is, the ninth bit, is 
inverted to cause a transition. Although bit-stuffing does address DC balance issues, 
encoding and decoding data at high speeds is non-trivial, and moreover, such a 
signaling scheme is inefficient since the "stuffed" bit does not carry any information. 

20 Scrambling is another conventional approach that has been used to 

address the DC balance issue, hi scrambling, the data is scrambled using a known 
pseudo-random sequence and then de-scrambled at the receiver using the same pseudo- 
random sequence. For example, an Boolean XOR function is often employed for 
scrambling and de-scrambling the data. However, even when using a pseudo-random 

25 sequence for scrambling, it is still possible fpr a string of 1 's or O's to occur. Thus, 
employing a scrambling method does not address the issue of DC balance entirely. 

Therefore, there is a need for an alternative approach directed to 
addressing the DC balance issue arising from capacitively coupled signaling. 
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SUMMARY OF THE INVENTION 

The present invention is directed to a signal balancing circuit for 
capacitively coupled signaling between transmitting and receiving devices over a 
plurality of capacitively coupled signal lines on which data signals are transmitted from 
5 the transmitting device to the receiving device. The signal balancing circuit includes an 
encode circuit having an output at which a balancing signal is provided, the encode 
circuit coupled to each capacitively coupled signal line to monitor each data signal over 
a respective time interval for a change in logic states. The encode circuit forces a signal 
transition of a data signal for a data interval in response to the data signal maintaining 

10 the same logic state throughout the time interval. The encode circuit further generates a 
balancing signal having a logic level and a timing relative to the time intervals of the 
respective data signals indicative of inversion of a particular data signal. The signal 
balancing circuit further includes a decode circuit coupled to the encode circuit to 
receive the balancing signal and further coupled to the capacitively coupled signal lines 

15 to invert the data signals for the data interval according to the logic level and timing of 
the balancing signal. 

In another aspect of the invention, a method for balancing a plurality of 
data signals on a corresponding plurality of capacitively coupled data lines is provided. 
The method includes evaluating the data signals for signal transitions occurring within a 

20 respective time interval, where each data signal has a time interval of equal time and is 
staggered in time with respect to the time intervals of the other signals. Where a data 
signal maintains the same logic level for the time interval, a signal transition of the data 
signal is forced from an original logic level to a complementary logic level, and a 
balance signal having a logic level and timing with respect to the time interval of the 

25 data signal indicative of the forced transition of the particular data signal is generated. 
A transition of the transitioned signal is forced at the appropriate time in accordance 
with the balance signal to recover the original logic level of the data signal. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a capacitively coupled signaling system 
according to an embodiment of the present invention. 

Figure 2 is a timing diagram of various signals related to the operation of 
5 the capacitively coupled signaling system of Figure 1 in accordance with an 
embodiment of the present invention. 

Figure 3 is a timing diagram of various signals related to the operation of 
the capacitively coupled signaling system of Figure 1 in accordance with an 
embodiment of the present invention. 
10 Figure 4 is a block diagram of a system-in-package device including an 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention provide an alternative capacitively 
coupled signaling system that does not require encoding of the data signals being 

15 transmitted by a transmitting device to a receiving device. Certain details are set forth 
below to provide a sufficient imderstanding of the invention. However, it will be clear 
to one skilled in the art that the invention may be practiced without these particular 
details. In other instances, well-known circuits, control signals, and timing protocols 
have not been shown in detail in order to avoid unnecessarily obscuring the invention. 

20 Figure 1 illustrates a capacitively coupled signaling system 100 

according to an embodiment of the present invention. In the particular embodiment 
illustrated, a capacitively coupled data bus 110 eight bits wide is used to transmit data 
signals D0-D7. The data bus 110 includes an output driver circuit 112 of the 
transmitting device capacitively coupled through capacitors 1 1 8 to an input buffer 

25 circuit 114 at the receiving device. The received data has been represented by the 
received data signals Q0-Q7. As shown in Figure 1, the data bus 110 has been 
illustrated as a uni-directional data bus, with the output driver 112 representing a 
transmitting device and the input buffer 114 representing a receiving device. However, 
it will be appreciated that the data bus 1 10 has been illustrated in this manner by way of 
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example, and that the data bus 110 can be a bi-directional data bus as well. Such bi- 
directional data busses are well known in the art. The output driver circuit 112, input 
buffer circuit 114, and capacitors 118 are conventional in design and can be 
implemented using well known techniques. It will be appreciated that the capacitors 
5 118 are shown in Figure 1 as discrete elements, however, the capacitors can be 
integrated into circuitry of the output driver or the input buffer, as well as integrated into 
the data bus itself using well known designs and manufacturing processes. 

The capacitively coupled signaling system 100 further includes a 
capacitively coupled clock signal Une 120 to transmit a clock signal CLK to the 

10 receiving device for the purpose of synchronizing the operation of the transmitting and 
receiving devices. As will be discussed in more detail below, the CLK signal is used to 
synchronize the encoding and decoding of the data signals in order for the receiving 
device to properly extract the data signals. The clock signal line 120 includes output 
clock driver 122 coupled through a capacitor 128 to an input clock buffer 124 at the 

15. receiving circuit. The clock signal line 120, output clock driver 122, clock buffer 124 
and capacitor 128 are conventional in design and implementation. Those ordinarily 
skilled in the art will be able to implement the clock signal line 120 from the description 
provided herein. As shown in Figure 1, the clock signal line 120 is a single signal line, 
however, it will be appreciated that multiple clock signals may be transmitted from the 

20 transmitting device to the receiving device. It will be ftirther appreciated that although 
the clock signal line 120 is illustrated in Figure 1 as having the CLK signal provided to 
the receiving device by the transmitting device, the clock signal line 120 can be used to 
provide a common clock signal from a master system clock generator (not shown) to 
both the transmitting and receiving devices. Such modifications can be made without 

25 departing from the scope of the present invention. 

The previously described data bus 110 and clock signal line 120 are 
similar to a conventional capacitively coupled signaling system. However, the 
capacitively coupled signaling system 100 fiuther includes a DC balance circuit 130 that 
addresses the DC balance issues previously discussed with respect to conventional 

30 capacitively coupled signaling systems. The DC balance circuit 130 includes DC 
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balance encode circuit 132 and an output driver circuit 134 capacitively coupled through 
a capacitor 140 to an input buffer circuit 136 and DC balance decode circuit 138. The 
encode circuit 132 is coupled to the data bus 110 at the transmitting device and the 
decode circuit 138 is coupled to input buffer 114 at the receiving device. As will be 
5 explained in greater detail below, in addition to the transmission of the data signals DO- 
D7 on the data bus, a DC balance signal DBAL is generated by the encode circuit 132 
and transmitted to the decode circuit 138 in order for a receiving device to decode the 
data signals D0-D7 into corresponding data signals Q0-Q7. In Figure 1, the DC balance 
encode circuit 132 and the output driver circuit 134 represent the transmitting device 

10 and the input buffer 136 and the DC balance decode circuit 138 represent the receiving 
device. However, it will be appreciated that the encode circuit 132 can also include 
circuitry to perform the decode operation of the decode circuit 138 to accommodate a 
bi-directional data bus 110. Similarly, the decode circuit 138 can include circuitry to 
perform the encode operation of the encode circuit 132 as well. Moreover, the encode 

15 and decode circuits 132, 138 can be located separately from the transmitting and 
receiving devices, respectively, without departing from the scope of the present 
invention. 

Operation of a first embodiment of the capacitively coupled signaling 
system 100 will be described with respect to Figure 2. Figure 2 is a timing diagram 

20 illustrating various signals during operation of the capacitively coupled signaling 
system 100. It will be appreciated that other signals may be present during the 
operation of the capacitively coupled signaling system 100, however, they have not been 
shown in order to avoid obscuring the present invention. Shown in Figure 2 are eight 
data signals D0-D7, the DBAL signal, and the CLK signal that are transmitted from the 

25 transmitting device to the receiving device. The data signals D0-D7 represent eight bits 
of binary data, with the length of time for each bit of data, or bit time, shown in Figure 2 
as times T0-T24. 

The encode circuit 132 (Figure 1) monitors the signal level of each of the 
data signals D0-D7 over a period of time, or a sample window. The sample windows 
30 for the embodiment described by Figure 2 are eight bit times wide. As will be 



explained in more detail below, if a respective data signal does not change (i.e., change 
logic level) during its sample window, that data signal is forcibly inverted by the 
transmitting device before being transmitted to the receiving device so that a 
complementary data state is transmitted instead. The inversion of the data signal is 
5 flagged by a change in the logic level for the DBAL signal. In the present example, a 
HIGH logic level indicates that a data signal has been inverted. However, a LOW logic 
level can also be used to indicate a forced inversion of a data signal as well. The DBAL 
signal is then used by the decode circuit 138 to recover the correct data by inverting the 
inverted data signal at the receiving circuit when the changed logic level of the DBAL 

10 signal is detected. By forcing the data signals to invert for a bit time after a string of 
zeroes or ones has occurred, DC balance for the data signals can be maintained. 

The sample windows for each of the data signals are staggered by one bit 
time. For example, the sample window for the DO signal is from the time T0-T8, the 
sample window for the Dl signal is from the time T1-T9, and the sample window for 

15 the D2 signal is from the time T2-T9. The staggering of the sample windows continues 
for the D3-D7 signals, with the sample window for the D7 signal between T7-T15. By 
staggering the sample windows, each bit time of the DBAL signal will correspond to a 
particular data signal. Thus, as long as the synchronicity between the bit times of the 
DBAL signal and the bit times of the data signals D0-D7 is maintained, then the decode 

20 circuit 138 will be able to invert the correct inverted data signal to recover the correct 
data for that data signal. 

For example, with respect to Figure 2, the bit time of the DBAL signal 
between T8-T9 corresponds to the DO signal for the DO sample window between T0-T8, 
and the bit time of the DBAL signal between T16-T17 corresponds to the DO signal for 

25 the sample window between the times T8-T16. Similarly, the bit time of the DBAL 
signal between T9-T10 corresponds to the Dl signal for the Dl sample window 
between T1-T9, and the bit time of the DBAL signal between T17-T18 corresponds to 
the Dl signal for the Dl sample window between T9-T17. As shown in Figure 2, the 
DBAL signal maintains a LOW logic level between T8-T10, representing that none of 

30 the data signals D0-D2 were forcibly inverted because the logic levels of the data 
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signals D0-D2 changed sometime during the respective sample window. However, 
looking at the D3 signal, the D3 signal maintains a LOW logic level throughout the D3 
sample window between T3-11. As a result, the encode circuit 132 causes the output 
driver 112 for the D3 signal to invert the D3 signal for a bit time following the D3 
5 sample window, that is, between T3-T11. The logic level of the DEAL signal is also 
changed by the encode circuit 132 to a HIGH logic level to indicate that the D3 signal 
has been inverted for the corresponding bit time T11-T12. That is, the D3 signal is 
inverted at the bit time between T11-T12 (from true data having a LOW logic level to 
inverted data having a HIGH logic level), and the DBAL signal between the times Tl 1- 

10 T12 has a HIGH logic level. On the end of the receiving device, because each bit time 
of the DBAL signal corresponds to a particular data signal D0-D7, the decode circuit 
138 will cause the input buffer to invert the D3 signal for the corresponding bit time in 
response to receiving the HIGH logic level of the DBAL signal in order to recover the 
correct data of the D3 signal. 

15 At the time T12, the DBAL signal retums to a LOW logic level, and is 

maintained at the LOW logic level between T12-T14, because the D4 and D5 signals 
change logic levels at least once during the respective sample windows T4-T12 and T5- 
T13, consequently, inversion of the data signals D4 and D5 by the encode circuit 132 is 
not necessary. In contrast, the D6 signal maintains a HIGH logic level throughout the 

20 D6 sample window between T6-T14. As a result, the encode circuit 132 causes the 
output driver 112 for the D6 signal to invert the signal for a bit time following the 
sample window (i.e., invert the D6 signal between T14-T15, from true data having a 
HIGH logic level to inverted data having a LOW logic signal). The DBAL signal 
changes to a HIGH logic level between the times T14-T15 to indicate that the D6 signal 

25 will need to be inverted at the receiving device to recover the correct data for the D6 
signal. At the time T15, the DBAL signal retums to a LOW logic level because the D7 
signal changes logic levels at least once during the D7 sample window between T7-T15. 

Another sample window cycle for the DBAL signal is shown in Figure 2 
at T16-T24. The logic level of the DBAL signal between T16-T24 corresponds to the 

30 next set of sample windows for the data signals D0-D7. In summary, the Dl signal is 
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inverted between T17-T18 because a HIGH logic level was maintained through the Dl 
sample window between T9-T17. Similarly, the D2 signal is inverted between T18-T19 
for having a LOW logic level throughout the D2 sample window between T10-T18, and 
the D4 signal is inverted between T20-T21 because a LOW logic level was maintained 
5 throughout the D4 sample window between T12-T20. As a result, the DBAL signal has 
a LOW logic level between T16-T17 (the DO signal changed logic levels at least once 
during the sample window of T8-T16), has a HIGH logic level between T17-T19 
(corresponding to the forced inversion of the Dl and D2 signals), has a LOW logic level 
between T19-T20 (indicating that the D3 signal changed logic levels at least once in the 

10 sample window between T11-T19), and has a HIGH logic level between T20-T21 
(corresponding to the forced inversion of the D4 signal). The DBAL signal has a LOW 
logic level for the remainder of the cycle, that is, between T21-T24, indicating that a 
forced inversion of the D5-D7 signals was not necessary. On the end of the receiving 
device, the decode circuit 138 will cause the appropriate input buffers 114 to invert the 

15 incoming Dl, D2, and D4 signals at the appropriate times to recover the correct data of 
the respective data signals. 

It will be appreciated that embodiments of the present invention provide 
a capacitively coupled signaling system that does not require encoding and decoding of 
each data signal D0-D7 on the data bus 110. Each data signal on the data bus 110 is 

20 merely a bit pipe that does not require retiming or repacketing of the data. Thus, the 
data transmission using a capacitively coupled signaling system according to an 
embodiment of the present invention is very efficient because no bits of the data signals 
are wasted for maintaining DC balance of the signal. Although embodiments of the 
present invention do require an additional signal line for providing the DBAL signal to 

25 a receiving device, encode and decode circuitry as previously described will be 
relatively small in area, in comparison external device I/O circuitry, for embodiments of 
the present invention implemented in a SiP environment. 

Operation of a second embodiment of the capacitively coupled signaling 
system 100 will be described with respect to the timing diagram of Figure 3. In the 

30 embodiment described with respect to the timing diagrams of Figure 2, the DBAL 
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signal itself is not DC balanced, and as such, can potentially drift if the pattern of the 
data signals D0-D7 results in a DBAL signal consisting of a long string of zeroes or 
ones. The embodiment described with respect to Figure 3 addresses this issue by 
framing the sample window cycle of the DBAL signal with a rising or falling transition 
5 of the DBAL signal that occurs during a HIGH logic level of the CLK signal. As a 
result, the DBAL signal will never have a long string of ones or zeroes. 

As with the embodiment of the capacitively coupled signaling system 
100 described with respect to Figure 2, in the embodiment described with respect to 
Figure 3, the encode circuit 132 forces a data signal to invert for a bit time following a 

10 sample window in the event the data signal maintains a logic HIGH or LOW level 
throughout the sample window. Also, as with the embodiment described with respect to 
Figure 2, the sample windows for each of the data signals D0-D7 are staggered, and 
consequently, the bit times of the DBAL signal correspond to one of the data signals 
D0-D7, as well as to a particular bit time of the data signal. As a result, the decode 

15 circuit 138 will be able to invert the correct data signal and at the appropriate time, 
based on the bit time at which the DBAL signal is at a HIGH logic level, in order to 
recover the true data signal. However, in the embodiment described with respect to 
Figure 3, every eight bit times of the DBAL signal is framed by a forced transition of 
the DBAL signal. With the addition of the forced inversion of the DBAL signal 

20 framing every eight bit times, the resulting staggered sample windows of Figure 3 are 
nine bit times wide instead of the eight bit times of Figure 2. Besides the extended 
sample window, operation of the embodiment described with respect to Figure 3 is the 
same as that for the embodiment previously described with respect to Figure 2. 

For example, as shown in Figure 3, the DO, Dl, and D2 signals change 

25 logic levels at least once during the respective sample windows, that is, T0-T9 for the 
DO signal, Tl-TlO for the Dl signal, and T2-T11 for the D2 signal. As a result, the 
encode circuit 132 generates a DBAL signal having a LOW logic level between the 
times T9-T12, indicating that the DO, Dl, and D2 signals were not forced to invert to 
maintain DC balance. However, the D3 signal maintains a LOW logic level throughout 

30 the D3 sample window between T2-T12. In response, the encode circuit 132 forces the 
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D3 signal to invert logic levels from a true data having a LOW logic level to an inverted 
data having a HIGH logic level between T12-T13, and further changes the logic level of 
the DEAL signal to a HIGH logic level between T12-T13. Similarly, with respect to the 
D4 signal, the encode circuit 132 forces the D4 signal to invert for the bit time between 
5 T13-T14 in response to the D4 signal maintaining a HIGH logic level throughout the 
D4 sample window between T4-T13. The encode circuit 132 further generates a DEAL 
signal having a HIGH logic level between T13-T14. The remaining data signals D5-D7 
change logic levels at least once during the respective sample windows, and as a result, 
the DEAL signal has a LOW logic level from T14-T17. As previously discussed, the 

10 DEAL signal is used by the decode circuit 138 at the receiving device to recover the 
true data for the D3 and D4 signals by inverting the inverted D3 and D4 signals at the 
appropriate bit times. 

A forced logic transition of the DEAL signal is made at T17-T18 for the 
purpose of DC balancing the DEAL signal, as previously discussed. A rising edge 

15 transition is made because the DEAL signal is at a low logic level when the CLK signal 
is HIGH between T17-T18. At the time T18, a new sample window cycle of the DEAL 
signal for the data signals D0-D7 begins. As shown in Figure 3, because the DO signal 
makes at least one transition during the DO samples window between T9-T18, the 
DEAL signal for T18-T19 has a LOW logic level. However, in response to the Dl 

20 signal having a LOW logic level throughout the Dl sample window between T10-T19, 
the Dl signal is forced to invert during the bit time between T19-T20, and the DEAL 
signal has a HIGH logic level between T19-T20 as well. The D2, D3, and D4 signals 
have logic transitions during their respective sample windows, and consequently, the 
DEAL signal maintains a LOW logic level between T20-T23, indicating that a forced 

25 inversion of the D2-D4 signals were not necessary. The D5 and D6 signals, on the other 
hand, maintain HIGH logic levels throughout their respective sample windows, that is, 
T14-T23 for the D5 signal and T15-T24 for the D6 signal. In response, the encode 
circuit 132 forces the D5 signal to a complementary state between T23-T24 and forces 
the D6 signal to a complementary data state between T24-T25. The encode circuit 132 

30 further generates a DEAL signal having a HIGH logic level between T23-T25. The D7 
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signal makes several transitions dviring its sample window of T16-T25, causing the 
DEAL signal to have a LOW logic level for the time T25-T26. At the bit time between 
T26-T27, the DEAL signal is forced to a HIGH logic level for the purpose of DC 
balancing the DEAL signal. 
5 The embodiments of the capacitively coupled signaling system 

previously described have been provided by way of example, and are not intended to 
limit the scope of the present invention. It will be appreciated that modifications can be 
made to the previously described embodiments without departing from the scope of the 
present invention. For example, in an alternative embodiment of the present invention, 

10 a data bus wider than eight bits is used to transmit data from a transmitting device to a 
receiving device. One alternative embodiment implements a capacitively coupled 
signaling system according to the present invention by extending the length of the 
sample window for each of the data signals. For example, where the data bus is 32-bits 
wide having data signals D0-D31, the sample window can be 32 bit times in length. As 

15 a result, each bit time of the DEAL signal will correspond to one of the 32 data signals. 
It will be appreciated that having a longer sample window, such as 32 bit times in 
length, may be too long to maintain DC balance, and to allow the data signals D0-D31 
to drift. 

In another embodiment of the present invention, multiple DEAL signals 
20 are used for data busses of greater data widths. For example, for a data bus 32-bits wide 
and having data signals D0-D31, four DC balance signals, DBALO, DEALl, DEAL2, 
and DEAL3 can be used to maintain DC balance between the transmitting and receiving 
device. Each of the DEAL signals represent eight bits of the 32-bit wide data bus, and 
are used by the receiving device to decode the respective eight data signals. 
25 It will be fiirther appreciated that the length of the sample windows 

should be selected to maintain DC balance of signal lines between a transmitting and 
receiving device. As previously discussed, a sample window should not be so long that 
DC balance is not maintained and allows a signal to drift. Moreover, worst case 
conditions may be considered in choosing appropriate sample window lengths. For 
30 example, it is possible for. a data signal to maintain the same logic level for nearly twice 
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the length of a sample window where a transition occurs in the bit time immediately 
after a first sample window begins, thus, changing logic levels at least once during a 
first sample window, and another transition occurs in the bit time immediately before a 
second sample window ends. However, such considerations are well within the skill of 
5 those in the art, and the description provided herein is sufficient to allow those of 
ordinary skill to practice the present invention. 

Figure 4 illustrates a system-in-package (SiP) device 400 in which 
embodiments of the present invention can be implemented. The SiP device 400 
includes a first discrete system 410 and a second discrete system 430. Both the first and 

10 second discrete systems 410, 420 are coupled to a voltage bus 402 and a ground bus 404 
to provide power to the systems 410, 412. The first and second discrete systems 410, 
430 include functional circuitry 412, 432, respectively, that perform various operations. 
The functional circuitry 412 and 432 are conventional, and may include well known 
circuitry such as memory circuits, signal processing circuits, data processing circuits, 

15 mixed-signal circuits, and the like. The first and second discrete systems 410, 430 are 
coupled together using a capacitively coupled signaling system 440 according to an 
embodiment of the present invention. As shown in Figure 4, the first discrete system 
410 includes encode circuit 132, data output drivers 1 12, and a clock buffer 122, and the 
second discrete system 430 includes decode circuitry 138, data input buffer circuits 114, 

20 and a clock buffer 124. The clock buffers 122, 124 are coupled to an extemal clock 
signal CLK for synchronization. The capacitively coupled signaling system 440 allows 
the first and second discrete systems 410, 430 to communicate with one another over 
signal lines that are DC balanced, as previously described. It will be appreciated that 
Figure 4 is merely representative of an SiP device, and additional circuitry, discrete 

25 systems, and signal lines can be included as well without departing from the scope of 
the present invention. For example, additional passive components (not shown), such 
as resistors and capacitors can be included for biasing, decoupling, bypassing, matching, 
and the like. Additional components have been omitted from Figure 4 in order to avoid 
obscuring the present invention. 
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From the foregoing it will be appreciated that, although specific 
embodiments of the invention have been described herein for purposes of illustration, 
various modifications may be made without deviating fi-om the spirit and scope of the 
invention. For example, the DBAL signal has been illustrated and described as being 
5 capacitively coupled between the DC balance encode circuit 132 and the DC balance 
decode circuit 138. However, the encode and decode circuits could be coupled directly 
together, and the DBAL signal provided over a continuous signal line. In this 
embodiment, DC balance of the DBAL signal itself would not be necessary because of 
the electrical coupling between the encode and decode circuits. Accordingly, the 
10 invention is not limited except as by the appended claims. 



